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Abstract 
In order to study the influence of the environmental humidity on thermal decomposition of pyrotechnic compositions, this experiment has 
been set up with artificial simulation environment of high humidity. The thermal analysis experiments have been done by using the 
integrated thermal analyzer. Thermal decomposition curves in the high humidity environmental conditions and the normal environmental 
conditions have been obtained. And the starting temperature, peak temperature, as well as the change rules of the activation energy in the 
decomposition reaction have been gotten, which shows that the thermal safety of the pyrotechnic compositions in the high humidity 
environment is lower. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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Nomenclature 
 heating rate (k/min) 
T temperature (m) 
A  pre-exponential facto r(/s) 
E activation energy (KJ/mol) 
r  correlation coefficient  
1. Introduction 
The pyrotechnic compositions used for fireworks are a mechanical mixture, which includes oxidant, deoxidizer, adhesive, 
colorant and other materials with special effects. The pyrotechnic compositions can occur self-reaction in the storage 
process, generate gases and release heat because of its component characteristics. If the heat cannot be discharged promptly, 
it will accelerate the thermal decomposition, which will reduce the storage life and the safety. The main environmental 
factors influencing on pyrotechnic component thermal decomposition are temperature and humidity. The studies of the 
temperature influence on the thermal safety of the pyrotechnic compositions have made some achievements and obtained 
some experience formulas. However, the studies about the influence of environmental humidity on it have rarely been 
reported.  Therefore, it is of far reaching importance to discussion the influence of the environmental humidity on the 
pyrotechnic component thermal decomposition and thermal safety for the production and storage of fireworks. 
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2. Experiments 
2.1. Selection of chemical 
As the formulations of the pyrotechnic compositions are diverse and most of them are complex mixtures, the naming of 
the pyrotechnic compositions is based on fireworks display effect. The pyrotechnic compositions used in this test are 
provide by Hebei Zhongxing fireworks factory, which can be directly used for fireworks production. In order to analyze the 
influence of the environmental humidity on the pyrotechnic compositions easily, the black power, red pyrotechnic, Jinguan 
pyrotechnic and green pyrotechnic are selected whose formulas are clear. Considering the safety, the quantity of the sample 
is set as 3-5/g preliminarily. 
2.2.  Experimental instruments 
 HWS-70B constant temperature and humidity box; dryer in 250mm diameter; integrated thermal analyzer produced by 
Henven Scientific Instrument Factory in Beijing:HCT-1/2; Mettler electronic balance:XS105. 
2.3. Control of the environmental humidity 
According to the industry standard of People's Republic of China (QB/T1941.5-94)" Measurements of Moisture Rate on 
fireworks"[1], the humidifier is made of an airtight dryer with the saturated salt solutions. In this experiment, potassium 
nitrate saturated is selected with its relative humidity is 93% in the temperature of 35/ . It researches the characteristics ℃
changes of the thermal decomposition in this humidity condition. 
The dissolubility of potassium nitrate is 45.8/g at 30/  and 63.9g at 40/ . In order to prevent the saturated solutions to ℃ ℃
become unsaturated solutions as temperature rises, the potassium nitrate saturated is confected by 80/g potassium nitrate 
with 100/g water. The confined container is achieved with a dryer, and the constant environment is achieved by a constant 
temperature box with the model HWS-70B. 
2.4.  Experimental methods 
(1) Constant temperature box is controlled at 30/  and steadied for 4 hours for standby application; 
(2) Select a dryer in 250/mm diameter as a humidistat, which is cleaned and drying. Add the potassium nitrate 
saturated into it, with 2/3 volume of the humidistat from the bottom. Add a separator on which a filter paper is put, and the 
grinding part is sealed by Vaseline. Then put the humidistat into the thermostat and make it steady for 24 hours under the 
temperature of 30/ ; 
(3) Choose several weighing bottles with 60mm in diameter and 30/mm in height. After 2 hours in dry box with 60/  
uncovered, take out and cool them for 30 minutes in desiccators, then cover them and weigh the quality one by one. After 
that put them to the dryer for next step; 
(4) Put about 3/g pyrotechnic compositions into each weighing bottle prepared before. Then cool them for 30 minutes 
and calculate the quality of the pyrotechnic compositions after more than 2 hours in 60/  dry box; 
(5) Uncover the weighing bottles with the pyrotechnic compositions and put them into the humidistat with potassium 
nitrate saturated without the lid for humidifying experiments. Then cool them for 30 minutes with the lid and weigh the 
quality after 10/d,20/d,30/d; 
(6) The thermal analysis experiments are separately carried out to obtain the DTA curves of the thermal decomposition 
for the pyrotechnic compositions without humidification and after humidification. These experiments are operated under the 
following conditions: 50/ml·min-1 with dry oxygen-free nitrogen; Circulating cooling water; heating at the rate of 5/ ·min-
1, 10/ ·min-1,15/ ·min-1,20/ ·min-1,25/ ·min-1 under the procedure temperature-controlling. 
3. Results 
3.1.  Influence of environmental humidity on the thermal decomposition 
According to the experimental methods, the DTA curves are obtained at different heating rate after the thermal 
analysis experiments (Fig. 1-4). 
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(a) (b)  
Fig.1. DTA curve of black power without humidification experiment (a) and the curve after humidification experiment (b). 
 (a)   (b)  
Fig.2. DTA curve of red power without humidification experiment (a) and the curve after humidification experiment (b). 
(a)    (b)  
Fig.3. DTA curve of jinguan power without humidification experiment (a) and the curve after humidification experiment (b). 
(a)      (b)  
Fig.4. DTA curve of green power without humidification experiment (a) and the curve after humidification experiment (b). 
The onset temperature, peak temperature and end temperature can be gained from the curves of thermal decomposition, 
which can reflect the thermal decomposition clearly and directly as characteristic temperatures. And the influence of the 
environment humidity on the thermal decomposition can be studied through these data. The data at the heating rate of 10
•min-1 is showed in table 1. 
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Take the data of black power as an example. Table 1 shows that the thermal decomposition temperature range is about 
406-441/  of the black power without humidification while it is about 396-432/  after humidification. The onset 
temperature, peak temperature and end temperature is separately 20/ 5/  and 9/  lower. It means that the thermal 
decomposition will occur at lower temperature when the black power is humidified. In the same way, the thermal 
decomposition temperature of the red pyrotechnic, jinguan pyrotechnic and green pyrotechnic are lower in different degree. 
Through this analysis, a conclusion can be obtained that the thermal decomposition can occur at lower temperature and the 
thermal safety is reduced for these four pyrotechnic. 
        Table 1. Thermal decomposition characteristic temperature of the pyrotechnic at the rate of10 /min 
pyrotechnic condition onset temperature 
 
peak temperature 
 
end temperatur 
 
 without humidification 406.99 422.92 441.07 
black power after humidification 396.13 417.61 432.87 
 without humidification 517.51 532.77 546.19 
red pyritechnic after humidification 503.32 522.90 540.43 
 without humidification 379.05 402.21 426.75 
jinguan pyritechnic after humidification 365.66 394.10 418.80 
 without humidification 507.90 512.45 518.89 
green pyrotechnic after humidification 494.76 498.31 512.90 
 
The phenomenon is caused by that the main pyrotechnic of the black and the jinguan pyrotechnic is potassium nitrate and 
the main pyrotechnic of red pyrotechnic is strontium nitrate, while the main pyrotechnic of the green pyrotechnic is barium 
nitrate. They all contain the chemical bond O-NO2 which is not firm and easily to be broken by heating, so the initial stages 
of decomposition are the fracture of O-NO2[2-5]. 
 
RO-NO2          NO2+RO-Q 
When the temperature reaches to the onset temperature of thermal decomposition, there is a redox reaction between the 
oxidant and reducing agent, which will release heat to accelrate the reaction in this process. If the environmental humidity is 
high, the moisture absorded by pyrotechnic will occure reaction with the NO2 generated by the fracture of O-NO2 and 
release heat. The heat will also accelerate the redox reaction, which will make pyrotechnic compositions reach to the onset 
temperature, peak temperature, and end temperature in advance. The reaction as follows: 
 
RO-NO2           NO2+RO-Q 
3.2. Influence of environment humidity on activation energy 
The DTA curves obtained by the methods mentioned before show the peat temperature clearly. And according to 
Kissinger[6], kinetic parameters can be obtained by thermodynamics analysis of the pyrotechnic compositions. The 
Kissinger equation as follows: The numbered reference list at the end of the article should conform to the following style. 
 
ln 1
ln( )2
AR E
E R TT pp                                                                (1) 
In this formula, Tp is the peak temperature;  is the heating rate; E is the activation energy; A is the pre-exponential 
factor; R is the gas constant. Defining 
2l n ( )
pT  as x-coordinate while 
1
pT  as y-coordinate to draw a line, the activation 
energy E can be obtained through the straight slope and the pre-exponential factor A with the intercept. Take the data of 
black powder as an example to calculate it, the kinetic data are shown in table 2. 
Using the data of 
' 2l n ( )
pT  and 
'
1
pT to fit a straight line. The equation of the black power without humidification 
experiment is y=24.24-24.49x, and the activation energy E=203.56KJ/mol, A=9.17×1012. But the equation of it after 
humidification experiment is y=23.14-18.62x with E=186.03KJ/mol and A=2.77×1012. 
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Calculate the kinetic parameters of the other three pyrotechnic compositions in the same way, and the data is obtained 
shown in table 3. 
                 Table 2. Thermal dynamic parameters of black power using Kissing theory 
  Tp   Tp (k) 1/ Tp ×10
3 ln( /Tp2) 
 
Black power 
Without 
humidification 
5 
10 
15 
20 
25 
416.36 
422.92 
430.93 
439.59 
445.37 
689.51 
696.07 
704.08 
712.74 
718.52 
1.450305 
1.436637 
1.420293 
1.403036 
1.391750 
-11.4625 
-10.7883 
-10.4057 
-10.1425 
-9.93551 
 
Black power 
after 
humidification 
 
5 
10 
15 
20 
25 
408.32 
417.61 
422.75 
432.28 
439.18 
681.47 
690.76 
695.90 
705.43 
712.33 
1.467416 
1.447681 
1.436988 
1.417575 
1.403844 
-11.4391 
-10.7730 
-10.3824 
-10.1219 
-9.91821 
 
        Table 3. Dynamic parameters of pyrotechnic without humidification and after humidification 
 
pyrotechnic 
 
condition 
activation energy E 
KJ/mol 
pre-exponential 
factor A 
correlation 
coefficient r 
 
black power 
 
without humidification 
after humidification 
without humidification 
203.56 
186.03 
183.13 
9.17×1012 
2.77×1012 
1.27×1012 
0.9838 
0.9768 
0.9871 
Jinguan pyrotechnic after humidification 133.99 2.01×108 0.9820 
 without humidification 366.80 8.29×1021 0.9830 
red pyrotechnic after humidification 336.38 1.13×1020 0.9876 
 without humidification 371.15 1.15×1021 0.9872 
green pyrotechnic after humidification 354.87 1.65×1020 0.9837 
 
In a chemical reaction, if a new substance is formed, the chemical bond must be weakened or broken in the original 
molecule, which needs some energy from activated molecule. During the process of the reactant changing into the reaction 
products, there will be a kind of activated complex formed. The energy which is absorbed by the self-reactive molecules to 
form activated complex is called activation energy. That means that the less the activation energy, the easier for the self-
reaction molecules to form activated complex and the easier for the reaction.  
From the table 3 we can know that the activation energy of these four pyrotechnics has been reduced for the influence 
of the humidity so that the thermal decomposition will react more easily. This means the thermal safety will be lower in the 
high humidity environment. Therefore, it is necessary to control the environmental humidity during the process of the 
production, transportation and storage of the pyrotechnics. 
4. Conclusions 
In this paper, it studies the thermal decomposition process of the pyrotechnics humidified and without humidification 
using thermal analysis method. The onset temperature and peak temperature of the four pyrotechnics are obtained under 
different heating rate, and thermal decomposition kinetic parameters are figured out such as the activation energy. The 
results show that the onset temperature of the four pyrotechnics are lower in different degree after humidification and the 
activation energy have reduced, as well as the thermal safety have been lower.  
This fully shows the environmental humidity has a significant influence on the thermal safety of the pyrotechnics. It 
should be attached great importance to the humidity resistance of the pyrotechnics and the fireworks in practice. 
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